Disease resistance exerts a fitness cost on plants, presumably due to the extra consumption of energy and carbon. In this study, we examined whether transgenic Arabidopsis thaliana with increased levels of ATP and sucrose is more resistant or susceptible to pathogen infection. Lines of A. thaliana over-expressing purple acid phosphatase 2 (AtPAP2) (OE lines) contain increased levels of ATP and sucrose, with improved growth rate and seed production. Compared to wild type (WT) and pap2 lines, the OE lines were more susceptible to several Pseudomonas syringae pv. tomato (Pst) strains carrying AvrRpm1, AvrRpt2 AvrRps4, AvrPtoB, HrcC and WT strain DC3000. The increased susceptibility of the OE lines to Pst strains cannot solely be attributed to the suppressed expression of R-genes but must also be attributed to the suppression of downstream signaling components, such as MOS2, EDS1 and EDS5. Before infection, the levels of salicylic acid (SA) and jasmonic acid (JA) precursor OPDA were similar in the leaves of OE, pap2 and WT plants, whereas the levels of JA and its derivative JA-Ile were significantly lower in the leaves of OE lines and higher in the pap2 line. The expression of JA marker defense gene PDF1.2 was up-regulated in the OE lines compared to the WT prior to Pst DC3000 infection, but its expression was lower in the OE lines after infection. In summary, high fitness Arabidopsis thaliana exhibited altered JA metabolism and broad suppression of R-genes and downstream genes as well as a higher susceptibility to Pst infections.
Introduction
The success of plants in growth and producing offspring is one of the criteria of plant fitness [1] . Plants are continuously exposed to various types of biotic and abiotic stresses. To cope with these stresses, plants invest energy in various stress-related cellular and biochemical processes. There is a continuous competition for resources between growth and reproduction on a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
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Materials and methods

Plant materials and growth conditions
In this study, Arabidopsis thaliana ecotype Columbia (Col-0) was used as an experimental control. The seeds of transgenic lines OE7, OE21, and T-DNA (pap2) along with WT were sown in sterile soil, and 10-day-old seedlings were transplanted in separate pots in the greenhouse or in growth chambers. In the greenhouse, a regime of 50-80% humidity, 21/19˚C day/night temperature and 16/8 hours light/dark photoperiod was maintained. The climate settings in the growth chambers were for a 10/14 hours light/dark photoperiod at 21/19˚C day/night temperature with a relative humidity of 70%. In the middle of the day, the sucrose and ATP contents of the OE lines were 30-80% and 30-50% higher than those of WT, respectively. In contrast, the sucrose and ATP contents of the pap2 line were not significantly different from that of the WT [15, 16, 21] .
Microarray analysis
Microarray analyses were performed and reported previously (GEO accession number: GSE40307) [20] . Arabidopsis leaves were harvested in the middle of the day and ground in liquid nitrogen. Total RNA was extracted using the RNeasy Mini Kit (Qiagen, USA) and quantified using the Bioanalyzer 2100 (Agilent Technologies, USA). We used 10 μg of total RNA as starting material to synthesize first strand cDNA with an oligo dT primer. Double-stranded DNA synthesis and Cy3 labeling were carried out by NimbleGen Systems, Inc. (USA) in three biological replicates. A standard quantile normalization matrix and the robust multichip average (RMA) algorithm were used for data normalization. The paired Student's t-test was performed to identify differentially expressed genes in AtPAP2 OE lines compared to WT with a set of log-transformed data. The microarray data of the CC-NLR, TIR-NLR (collectively called NLRs), RLK and RLP protein families were retrieved from the dataset (S1 Table) .
Growth of pathogenic bacteria and fungi for Arabidopsis infection assays
The biotrophic pathogen Pseudomonas syringae pv. tomato (Pst) strain DC3000 and its mutants Pst DC3000 AvrRpm1, Pst DC3000 AvrRpt2, Pst DC3000 AvrRps4, Pst DC3000 AvrPtoB, and Pst DC3000 HrcC were employed for the inoculation of plants [22, 23] . Bacteria were cultured on LA plates for 2 days at 28˚C with appropriate antibiotics followed by overnight incubation at 28˚C in Kings' B medium with appropriate antibiotics. We added 100 μg/ ml rifampicin to allow the selective growth of WTPst DC3000. For Pst DC3000 AvrRps4, Pst DC3000 AvrRpm1, Pst DC3000 AvrRpt2, and Pst DC3000 AvrPtoB, 100 μg/ml rifampicin and 100 μg/ml kanamycin were added to the medium, while 100 μg/ml rifampicin and 20 μg/ml kanamycin were used for Pst DC3000HrcC cultures. We inoculated 25-day-old greenhousegrown or 30-day-old growth chamber-grown plants with approximately 10 8 cfu/ml (OD 600 = 0.3A) containing silwet (0.05%v/v) until droplet run off.
Biomass quantification of Pst DC3000
For biomass quantification of Pst DC3000 strains in infected plants, qRT-PCR analysis was performed with an ABI7300 PCR machine with the SYBR 1 GREEN core kit (Eurogentec Nederland BV, Maastricht, NL). The above-ground parts of three plants (Pst DC3000) were harvested for DNA extraction. The qRT-PCR primers to amplify the Pst DC3000 oprF (outer membrane porin F precursor) gene and AtRbcL genes were used as described previously (S2 Table) [24] .
qRT-PCR analysis of marker genes in the SA and JA pathways
To measure the expression of the PR1 and PDF1.2 genes, rosette leaves of three individual plants were harvested in three biological replicates. RNA extraction was carried out by an RNeasy Mini Kit (Qiagen) using a 1 μg RNA sample that was subsequently treated with DNase (Invitrogen). First-strand cDNA was synthesized by M-MLV RT(H -) (Promega). The qRT-PCR primers used to amplify the PR1, PDF1.2 and Actin2 transcripts used in this study are listed in S2 Table. Quantification of SA and JA contents 
Results
Down-regulation of a large number of LRR-RLP and NB-LRR transcripts in AtPAP2 OE lines
Microarray analyses of leaves of 20-day-old AtPAP2 OE, pap2 and WT plants were carried out to study transcriptional changes due to the over-expression of AtPAP2 in Arabidopsis thaliana (Table 1 ) [21] . There were 30361 transcripts presented on the microarray. The transcription of the majority (91%) of LRR-containing receptor kinases (LRR-RLK) remained unchanged in OE lines when compared with WT lines (S1a Table and Table 1 ), while 29% and 7% of receptor-like proteins (LRR-RLPs) were down-regulated and up-regulated in the OE lines, respectively (S1b Table and Table 1 ). The transcription of 38% of CC-NLR genes (S1c Table and  Table 1 ) and 38% of the TIR-NLR genes (S1d Table and Table 1 ) were down-regulated in the OE lines compared to the WT, while the transcription of only 8% of the CC-NLR and 6% of the TIR-NLR genes were up-regulated, respectively. The OE lines showed decreased transcript accumulation for NB-LRRs and LRR-RLPs, but not for LRR-RLKs. In addition, the expression of SNC1, four SNC1-like genes and the genes downstream of SNC1, including EDS1, EDS5 and MOS2, was significantly down-regulated in the OE lines (S1e Table and Table 1 ). In contrast, the expression levels of most PR genes (80%) in uninfected OE lines were similar to those of WT, while 11% were up-regulated and 9% were down-regulated. (S1f Table and Table 1 ). Enhanced susceptibility of OE lines to Pseudomonas syringae pv. tomato
As reflected by the microarray data, the basal mRNA level of the RPM1 and RPS2 genes in the OE lines was similar to WT, while the basal mRNAs of RPS5 (54-62% of WT, P<0.005) and RPS4 (37-58% of WT, P<0.005) were downregulated in the OE lines (S1e Table) . This situation provided an opportunity to assay whether changes in R gene expression would affect the level of resistance against particular pathogens. The pathogenic bacterial strains, Pseudomonas syringae pv. tomato (Pst) DC3000, Pst DC3000 carrying AvrRpm1, Pst DC3000 carrying AvrRpt2, and Pst DC3000 carrying AvrRps4, were selected to perform inoculation assays (Fig 1) . Pst DC3000 carrying AvrPtoB was chosen as another virulent strain because its corresponding R gene was not present in A. thaliana ecotype Columbia (Col-0) [25] . Pst DC3000 HrcC mutant was also used as a negative control for its inability to secrete TTSS effectors [26] .
To quantify the biomass of Pst DC3000 accumulation in the four lines after infection, q-RT-PCR analysis was performed at 5 days postinoculation (dpi) under controlled greenhouse conditions (Fig 2) . We detected increased Pst DC 3000 biomass in inoculated OE lines compared to WT and pap2 lines, suggesting that this bacterial pathogen proliferates better in plants with increased levels of ATP and sucrose. Interestingly, although the OE lines were more susceptible to P. syringae pv. tomato, they recovered and grew more rapidly than the WT after inoculation (Fig 3) . The results obtained from the inoculation assays showed that OE lines were more susceptible than were WT and pap2 lines upon infection with the Pst strain DC3000, Pst DC3000 carrying AvrRpm1, Pst DC3000 carrying AvrRpt2, or Pst DC3000 carrying AvrRps4 (Figs 1A and 2). Effector-triggered signaling takes place upon recognition by specific R genes, such as AvrRpm1-RPM1 [27, 28] , AvrRpt2-RPS2 [29] or AvrRps4-RPS4 [30] . Comparing the WT and OE lines, the basal transcription levels of RPS5 (54-62% of WT, p<0.005) and RPS4 (37-58% of WT, P<0.005) were lower (S1e Table) , consistent with the observed increase in the Biomass quantification of the Pseudomonas syringae pv. tomato DC3000 strains (Pst). DNA was extracted from inoculated plants grown in greenhouse conditions (16/8 hr light/dark) at 5 dpi, and the bacterial biomass was quantified using qPCR on the oprF gene. Bacterial biomass was normalized to the amplicon of AtRuBisCO, and its amount in the WT plants was normalized as 1 in each panel. DC3000: (Pst) strain DC3000; AvrRpm1: Pst DC3000 carrying AvrRpm1; AvrRpt2: Pst DC3000 carrying AvrRpt2, AvrRps4: Pst DC3000 carrying AvrRps4; AvrPtoB: Pst DC3000 carrying AvrPtoB (*P< 0.01).
doi:10.1371/journal.pone.0171040.g002 susceptibility phenotypes of these lines when compared to the WT and the pap2 mutant. However, the basal transcription levels of RPM1 and RPS2 in the OE lines showed no significant difference from the WT. Therefore, these data suggest that the basal levels of these R genes in the OE lines were not the sole determinants of their enhanced disease susceptibility. The OE lines were also more susceptible to Pst DC3000 carrying AvrPtoB (Figs 1A and 2) as the Pto gene is not present in the four lines, and thus this strain was expected to behave like Pst DC3000, which lacks any Avr genes. Similar results were also obtained for plants grown in a growth chamber (10/14 hr light/dark photoperiod) at 5 dpi, although increased susceptibility under this growth condition was generally not as pronounced as that under greenhouse conditions (16/8 hr light/dark photoperiod) (Fig 1B) . Overall, the OE lines were more susceptible to all tested P. syringae strains compared to WT and pap2 lines. Hence, the increased susceptibility of the OE lines to Pst DC3000 strains cannot be solely attributed to the suppressed expression of R-genes and specific R gene-mediated defense signaling (AvrRpm1-RPM1, AvrRpt2-RPS2 or AvrRp4-RPS4) but could be due to the down-regulation of genes downstream of R-proteins, such as SNC1, MOS2, EDS1, EDS5, NDR1, and others (S1e Table) .
Effects of high energy supply on the SA-and JA-dependent defense pathways initiated upon recognition of pathogens maintaining a biotrophic lifestyle, whereas the JAdependent pathways are deployed against necrotrophs [33] . The activation of PR gene expression is associated with the SA pathway, while the deployment of the JA-dependent pathway is associated with the expression of plant defensins (PDFs) [34] . Genetic studies have provided a series of mutants with overproduction of either SA (e.g., cpr1, cpr5, cpr6, dnd1, dnd2, etc.), JA or ethylene (e.g., cev1) [35] [36] [37] [38] [39] . It was observed that the elevated resistance of these mutants to pathogens was generally associated with increased levels of PR and PDF defense proteins, leading to reduced fitness (e.g., stunted growth, reduced rosette leaves, etc.).
To study whether the SA and JA defense pathways in the AtPAP2 OE lines were altered, the seedlings of transgenic lines along with pap2 and WT were treated with benzoic acid (BA) and JA. As shown in Fig 4, the OE lines were more resistant to JA treatment than was the WT, whereas the pap2 line was more sensitive than the WT. The levels of SA, JA, JA conjugated with isoleucine (JA-Ile) and JA precursor 12-oxo-phytodienoic acid (OPDA) in 3-week-old plants were analyzed by LC/MS (Fig 5) . While there was no difference in the levels of OPDA between the lines, the levels of JA and its derivative JA-Ile were significantly higher in the pap2 line than the WT, whereas their levels were significantly lower in the OE lines than in the WT, indicating that the conversion of OPDA to JA was suppressed in the OE lines or the breakdown of JA was more rapid in the OE lines. While the OE lines contained less endogenous JA, they were more resistant to exogenous JA treatment (Fig 4) . In contrast, the endogenous SA levels in the OE lines was not different from those of the WT, and their sensitivity to exogenous SA treatment was also similar to WT.
To further characterize the expression of the two marker genes within the SA and the JA signaling pathways, the expression of PR1 and PDF1.2 were quantified using qRT-PCR [34, 40] . Samples were collected at 0 hours post inoculation (hpi), 24 hpi and 48 hpi with Pst DC3000. PDF1.2 expression was increased in the OE lines compared to the WT and pap2 lines before infection (Fig 6) . At both 24 hpi and 48 hpi, the expression of PDF1.2 in OE lines was significantly lower than in WT. However, its expression in the pap2 line was up-regulated at 24 hpi and 48 hpi. These data show that AtPAP2 over-expression lowers basal JA contents in uninfected leaves of AtPAP2 OE lines, which in turn results in a lower expression of PDF1.2 after inoculation with a biotrophic pathogen. In contrast, PR1 expression in the OE lines at 0 hpi was similar to WT, which is consistent with the results of the microarray data (Fig 6 and S1f Table) . At 24 hpi, the PR1 expression in the OE lines was similar to that in the WT and pap2 lines (Fig 6) . 
Discussion
Arabidopsis with high endogenous sucrose is not necessarily more resistant to pathogen
The perception that sucrose acts as a signaling molecule in plant defense was supported by experiments treating plants with exogenous sucrose [4] [5] [6] [7] . Hypotonic feeding of rice seedlings with 300 mM sucrose was shown to enhance PR gene expression, and the seedlings sprayed with 300 mM sucrose were also more resistant to M. oryzae infection [6] . However, our data showed that transgenic lines with higher endogenous sucrose are more susceptible to P. syringae infection, which is opposite to the above perception. The contradicting outcomes could arise from the opposite signals or impacts induced by exogenous and endogenous sucrose. Exogenous sucrose is well-known to induce the transcription of enzymes in the anthocyanin production pathway [41] ; however, the abundance of most of these transcripts was significantly lower in the AtPAP2 OE lines before sucrose treatment, and the OE lines produced significantly lower anthocyanin after sucrose treatment [20] . As exogenous sucrose treatment is not a natural condition in nature, the conclusions derived from experimental data generated from exogenous sucrose treatment should be interpreted with caution. Therefore, the AtPAP2 OE lines will be a valuable tool to study the impact of high endogenous sucrose/energy status on the immune defense of plants against different types of pathogens and modes of infections.
Impact of high energy status on the transcription of PRR and R genes
By studying the microarray data of two independent AtPAP2 OE lines and those of WT, the expression of the RLK, RLP, NLR and PR genes could be compared. Our data showed that the high ATP and sucrose levels of the OE lines did not affect the transcription of RLKs that could maintain their role in PAMP detection. In contrast, the transcription of RLP and NLR genes was significantly suppressed in the OE lines (Table 1) . While the transcription of only 8% of CC-NLR and 6% of TIR-NLR genes was up-regulated, both NB-LRR classes of R-genes showed 38% down-regulation in the OE lines when compared to the WT (Table 1 ). In contrast, the transcription of 80% of the PR genes was unaltered. This result is not surprising as most PR genes (e.g., PR1 and PDF2.1) are only induced by infection in WT plants. After infection, PR proteins can constitute up to 1% of the total soluble leaf proteins [42] , which is an energy-requiring process that should only be triggered when needed. Consequently, energy expenditure for cell defense and plant resistance can be kept at a low level.
Effects of high energy supply on the SA-and JA-dependent defense pathways SA actively contributes to resistance against P. syringae pv. tomato in A. thaliana during NLR gene-mediated defense signaling [43] , and antagonism between the SA and JA pathway has been suggested [44] . However, lower concentrations of SA (8-350 μM) and JA (10-100 μM) were shown to synergistically activate the expression of PR1 and PDF1.2 in wild type A. thaliana and tobacco [45] . We therefore examined whether the SA and JA defense pathways are altered in the AtPAP2 OE lines. The basal levels of SA and OPDA were unaltered in the OE lines, but the levels of JA and JA-Ile were substantially lower in the OE lines than in the WT (Fig 5) . In the JA synthesis pathway, OPDA is synthesized from linolenic acid in chloroplasts and then transported to the peroxisome, for conversion into JA by three consecutive enzymatic steps [46] . The lower JA level in the OE lines could be due to a reduction of JA synthesis in peroxisomes after the production of OPDA in chloroplasts or due to a higher JA degradation rate in uninfected leaf cells. Paradoxically, the seedlings of the OE lines with lower endogenous JA were more resistant to exogenous JA treatment than was the WT (Fig 4) . In contrast, the endogenous levels of JA and JA-Ile were significantly higher in the pap2 line than in WT, but the pap2 line was more sensitive to exogenous JA treatment. Hence, our results showed that in the OE and pap2 lines, the JA defense pathway is significantly affected.
JA treatment is known to induce transcription of PDF1.2 in A. thaliana. As the OE lines contained lower JA levels prior to infection compared to WT, a lower expression of PDF1.2 in the OE lines was expected. However, qRT-PCR showed that the transcription of PDF1.2 was significantly enhanced in the OE lines (OE7 and OE21), while the PDF1.2 expression in the pap2 line was down-regulated (Fig 6) . In contrast, no significant difference in the basal expression of the PR1 gene, a downstream defense gene in the SA pathway, was observed between the WT and OE lines. Upon inoculation with Pst DC3000 (t = 24 hpi and t = 48 hpi), the expression of PDF1.2 was significantly reduced in the OE lines when compared to the WT and pap2 line, which was not observed for PR1 expression. Hormonal actions on plant immune responses are therefore regulated by complex signaling networks [45, 47] .
The significantly increased JA content in pap2 but decreased JA content in OE lines prior to Pst DC3000 infection suggests that the over-expression of AtPAP2 suppresses JA biosynthesis, but the disruption of AtPAP2 promotes JA biosynthesis (Fig 5) . A significantly lower SA content in pap2 was also noted. Hence, an antagonistic basal level of SA and JA was observed in pap2. However, the changes in the basal levels of SA and JA in pap2 were not sufficient to significantly affect its susceptibility toward Pst infection. Instead, the basal sucrose and ATP contents of pap2 were similar to those of WT, and both lines exhibited similar susceptibility to Pst strains. Hence, our observation that Arabidopsis with higher levels of ATP and sucrose are more susceptible to P. syringae is still valid.
Mechanisms underlying the increased susceptibility of the high energy plants to P. syringae pv. tomato infection
The transcriptional levels of all types of NLR genes were reported in the microarray data (S1 Table) . They include RPM1 (no change in OE lines), which confers resistance to Pst DC3000 carrying avirulence (Avr) effector AvrRpm1, RPS2 (no change), which confers resistance to Pst DC3000 carrying AvrRpt2, and RPS4 (down-regulated), which confers resistance to Pst DC3000 carrying AvrRPS4 (S1 Table) . Infection assays were performed using these bacterial strains together with Pst DC3000, Pst DC3000 (AvrPtoB), which does not have a corresponding NLR gene in A. thaliana, and Pst DC3000 (HrcC), which is defective for TTSS (Fig 2) . The general enhanced susceptibility of OE lines toward these strains compared to WT implies that transcriptional changes in the NLR and RLP genes are not the sole determining factor for the increased susceptibility of the OE lines (S1 Table) [48, 49] . After the activation of R genes in cytosol, downstream pathways are required to transmit the signals to the nucleus to initiate the immune response [49] . For the activation of immune responses, the CC-NLRs require Non-race-specific disease resistance (NDR1) and other accessory proteins, whereas TIR-NLRs require enhanced disease susceptibility 1 (EDS1), phytoalexin deficient 4 (PAD4) and senescence associated gene 101 (SAG101) [50, 51] . EDS1 and PAD4 are defense components that shuttle between the nucleus and the cytoplasm [49] . EDS1 forms complexes with PAD4 in both compartments, and EDS1 forms complexes with SAG101 in the nuclear compartment [51] . The SA pathway was shown to play key roles in the major cell defense pathway against P. syringae pv. tomato in plants. While our data showed that the high energy status in the OE lines did not affect the basal level of SA in plants, some genes required for SA induction, including EDS1 and EDS5, were downregulated in the OE lines [32] . EDS1 is required for SA production, PR1 expression and resistance to P. syringae [47] . It also acts as a negative regulator of ET/JA defense signaling and a repressor of PDF1.2 induction by MeJA [32] . Microarray data showed that the transcription levels of NDR1, EDS1 and EDS5 were suppressed by 19-28%, 61-63% and 38-46% in the two OE lines, respectively (S1e Table) . Their suppression may have a negative effect on the resistance to P. syringae strains in the OE lines.
Another TIR-NLR type of R-gene that is significantly suppressed in the OE lines (12-15% of WT) is SNC1 (suppressor of NPR1, constitutive 1). SNC1 binds to TPR1 transcriptional corepressor, which in turn represses the expression of several negative regulators of defense responses [48] , including two negative regulators of plant innate immunity, defense no death 1 (DND1) and defense no death 2 (DND2) [39] . SA induces the expression of SNC1 [52] , and over-expression of SNC1 enhances disease resistance to Pst DC3000 but suppresses plant growth [53] . The lower basal level of SNC1 in the OE lines may therefore potentiate them to be more susceptible to infection with P. syringae pv. tomato strains. A snc1 suppressor screen identified a number of modifiers of snc1 (mos) mutants that may play roles in nucleo-cytoplasmic trafficking, transcriptional regulation/RNA processing, and protein modification [49] , of which the transcription of a RNA-binding protein, MOS2, was strongly suppressed in the two OE lines (40% of WT) [54] . In addition to SNC1, there are a few SNC1-like genes in the genome of A. thaliana, and the transcription of four SNC1-like genes in both OE lines was only 3%, 22 31%, 27-31% and 41-47% of that of the WT (S1e Table) . They, together with SNC1, belong to the TNL-E subclass of the TIB-NLR gene family [55] . The functions of these four SNC1-like genes are still unknown, and whether they play differential roles or share the same downstream signaling pathway is a subject of further studies. The down-regulation of the transcription of these SNC1-like genes, RLP, NLR and R-genes in the downstream defense signaling pathways may explain the increased susceptibility of the OE lines to various P. syringae strains. In the Arabidopsis genome, there are 60 and 115 CC-NLR and TIB-NLR genes, respectively. While they may be responsive toward various Avr proteins, it is likely that convergence of different downstream signaling pathways acts together to turn on these defense genes. The downregulation of the mRNA expression of SNC1/MOS2/EDS1/EDS5 and 4 SNC1-like genes in both OE lines in the uninfected state could be a reason why the OE lines are less resistant to various P. syringae strains. The lower expression of these genes may cause a slower immune response in OE lines and allow the bacteria to have more time to replicate and accumulate before an immune response is mounted.
The trade-off between growth and disease resistance
To effectively defend themselves against pathogen infection, plants usually sacrifice some growth. A collection of mutants with the overproduction of either SA or JA exhibited compromised plant fitness [35] [36] [37] [38] [39] , supporting the hypothesis that active defense correlates with delayed growth. The AtPAP2 OE lines contain elevated levels of ATP, malate, citrate, fumarate and sucrose [20] and grow faster than WT [16] . The extra energy in the OE lines could have been deployed for the growth of the plants, and the momentum of carbon metabolism shifts to sucrose synthesis and ATP production. Disease resistance was weakened as reflected by the suppression of the basal mRNA expression levels of some RLPs, NLRs, and downstream genes (e.g., SNC1, EDS1, EDS5, MOS2) ( Table 1 ). This effect reflects the fitness cost tradeoff between growth and disease resistance. In this study, Arabidopsis thaliana with high fitness was found to be more susceptible to a biotrophic bacterial pathogen. Further studies on its susceptibility toward other pathogens, such as biotrophic fungi and necrotrophic pathogens, will provide more information about the relationship between plant fitness and disease resistance. 
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